The freshwater blenny, Salaria fluviatilis, and the marine peacock blenny, S. pavo, are closely related and can survive in both freshwater and seawater. Salaria fluviatilis is widespread in rivers and lakes in the vicinity of the Mediterranean basin, including Lake Kinneret (Sea of Galilee), and S. pavo is distributed in rocky parts of the Mediterranean coast. This study investigated the effect of salinity acclimation on routine activity level. Fish were acclimated for three months in 0%, 40%, and 100% seawater mixed with 100%, 60%, and 0% dechlorinated tap water (<2, 14.4, and 36 ppt sea salt, respectively). The fish were then placed in aquaria equipped with IR beam projectors and detectors set up to count their activity level in the different salinities under a photoperiod of 14:10
INTRODUCTION
Blenniid fishes, especially those inhabiting intertidal regions, are known to be highly euryhaline (Evans, 1969; Davenport and Vahl, 1979; Bridges, 1993) . Several studies have demonstrated their ability to osmoregulate and survive in a wide range of salinities, both above and below seawater concentrations, but in most studies fish were exposed to different salinities only for short periods (Evans, 1969; Davenport and Vahl, 1979) . However, Plaut (1998) experimented with the exposure of two blennies, the marine peacock blenny (Salaria pavo) and the freshwater blenny (S. fluviatilis), to a salinity range between freshwater (<0.1 ppt sea salt) and seawater (36 ppt) for long duration (3 months) and demonstrated their high survival rate and osmoregulatory abilities under these conditions. The freshwater blenny, S. fluviatilis, is widely distributed in lakes and rivers of the eastern and northern Mediterranean basin. Although it is strictly a freshwater organism, its marine origin is well established (Kosswig, 1967; Zander, 1973) . In this respect, it is not surprising that it can survive and osmoregulate in seawater (Plaut, 1998) . Its closely related marine species, S. pavo, can survive in freshwater, but suffers a certain degree of hemodilution (Plaut, 1998) .
When an organism encounters extreme environmental conditions, it may overcome the survival challenge by adjusting physiological functions and maintaining homeostasis in its internal systems. Such an adjustment is a result of stress response (Jobling, 1995) . However, the fact that its internal systems adjust does not necessarily mean that the organism does not continue to experience stress. This study explored the effect of salinity stress on the daily activity of S. fluviatilis and S. pavo. Our working hypothesis was that if a fish encounters stress, although it may survive and maintain a certain degree of homeostasis, a decrease in its activity level is predicted.
MATERIALS AND METHODS

FISH COLLECTION, MAINTENANCE, AND ACCLIMATION
Specimens of S. pavo were collected in tide pools on the rocky Mediterranean beach of Habonim, Israel, in June 1996. Collections were carried out at low tide accompanied by an easterly wind, when pools were disconnected from the sea. Quinaldine solution (10% in 96% ethanol) was poured into the pools in amounts of 5-20 ml, sufficient to anesthetize the fish in it (Summerfelt and Smith, 1990) . Within 10-30 min all fish in the pool became inactive. They were then collected into a container with seawater, where they fully recovered within 2 min. The fish were then transferred to a 10-L container with continuously aerated seawater and taken to the laboratory. Other fish species were released back into tide pools with no anesthetic. Seawater temperature in the tide pools during collection ranged between 24 and 28 °C.
Specimens of S. fluviatilis were collected by handnet in the shallows of the northern shoreline of Lake Kinneret, Israel, in May 1996 . Water temperature at the collection site was 21.5 °C. All fish were transported to the laboratory, within 2 h, in 10-L containers filled with continuously aerated lake water taken from the fish's natural habitat.
The fish were kept indoors in 20-L glass aquaria at a constant temperature of 24 ± 2 °C with continuous aeration and biological filtration (AquaClear 150) at 14:10 LD photoperiod. Dechlorinated tapwater was used for S. fluviatilis and natural Mediterranean seawater for S. pavo. Fish were fed twice a day with dry commercial fish food (Sera Vipan Flake food, 47.9% protein), live Daphnia spp., Artemia salina, and Tubifex sp. Small stones (about 10 cm long, 3-5 per aquarium) and black PVC tubes were provided as shelters. Fish were kept under these conditions for three weeks before acclimation began.
Three weeks after collection, fish were acclimated to three different salinities: 0% (<1 ppt sea salt), 40% (14.4 ppt), and 100% (36 ppt) seawater (augmented with dechlorinated tapwater). From each species, three groups of 20 individuals were placed into three 20-L aquaria (20 specimens/aquarium) containing seawater (S. pavo) or dechlorinated tapwater (S. fluviatilis). For each species, one group (20 individuals) was maintained in its natural salinity (100% seawater for S. pavo and 0% seawater for S. fluviatilis). The second group (20 individuals) of each species was acclimated to 40% seawater (close to isoosmotic concentration), and the third was acclimated to the opposite of its natural habitat salinity: freshwater for S. pavo and 100% seawater for S. fluviatilis. Acclimation began three days after fish were placed in the aquaria. Salinity was increased (for S. fluviatilis) or reduced (for S. pavo) by 10% seawater concentration per day, by addition of artificial aquarium sea salt (Red Sea Fish pHarm Ltd., 3.6 g L -1 ) or by dilution with dechlorinated tapwater, until the desired salinities were obtained. Fish were kept at the experimental salinities for three months. Mortality during the acclimation period was less than 10%, and not significantly different among treatments.
ROUTINE DAILY ACTIVITY MEASUREMENTS
Routine daily activity of the fish was measured for each species in three identical aquaria, 28 × 14 × 18 cm (length, width, and height, respectively), each with different experimental salinity (0%, 40%, and 100% seawater) at 24 ± 1 °C. Each aquarium was equipped with three IR beam projectors with a photocell parallel to the aquarium wall and a reflector on the opposite wall. Every time a fish crossed the beam, a signal was recorded by an automatic recorder connected to a computer. Every 15 min, the computer recorded the accumulated crosses for the last 15 min. The measurements were taken in an insulated room with no human and/or physical disturbance (noise, movements, etc.) and under photoperiod of 14:10 L:D, which closely simulated natural conditions in the summer. In each aquarium, 4 fish (acclimated to the experimental salinity in the aquarium) were placed for 72 h prior to the measurement. The system then started recording fish activity rate for 84 h. To omit experimental bias effect, only data collected in the previous 72 h were used for analysis. Three sets of measurements were taken for each species. In each set, the three experimental salinities were randomly divided among the aquaria to prevent a possible effect of specific aquarium. Data for each salinity (for each species) from the three sets were assembled for each hour of the day (24 h) for analysis.
DATA ANALYSES
Analysis of variance (ANOVA) and Tukey's test were used for comparison of activity level in each species between salinities for each hour of the day. Significant differences were accepted at p < 0.05 level.
RESULTS
Both species presented a distinct diurnal pattern of daily activity (Figs. 1,2) . Salaria pavo were active during the whole light phase. Salaria fluviatilis showed a bimodal circadian rhythm, increasing activity when the light was turned on (06:00), then decreas- ing it at 13:00-14:00 to a level similar to that of the dark phase (14:00-15:00 significantly lower than other daylight activity for fish acclimated to freshwater, and 11:00-15:00 significantly lower than other daylight activity, Tukey post hoc test, p < 0.05), and then increased their activity level again at 15:00 until the light was turned off again (20:00).
Both species became less active when salinity became different from the level in their natural habitat.
During the dark phase, S. pavo were similarly active in all salinities. Throughout the entire light period, S. pavo in freshwater were significantly less active than in 40% and 100% seawater. Fish in 40% and 100% seawater were similarly active during the light phase, except between 14:00 and 17:00, when fish in 40% seawater were significantly more active than in 100% seawater.
Salaria fluviatilis in 100% seawater were significantly less active during light and dark phases. However, they still maintained the same daily activity pattern as S. fluviatilis in lower salinities. When acclimated to isoosmotic salinity, reduction of activity in both species was noticeable, though not always significant.
DISCUSSION
Two major questions emerged from the above results: (1) Does salinity acclimation affect the activity rates of the two species? (2) Does their stress response, as reflected in daily rhythm of activity, differ between species?
In both S. fluviatilis and in S. pavo, activity levels were reduced as salinity differed from their natural environment. Plaut (1998) found that salinity acclimation to isoosmotic and seawater levels hardly affected S. fluviatilis, which was able to maintain its normal blood osmolarity and other osmoregulatory factors. S. pavo, on the other hand, when acclimated to freshwater, although it survived, presented a significant degree of hemodilution and accumulation of excess water in its tissues.
From these results one may expect chronic stress response to occur in S. pavo, but not in S. fluviatilis. Jobling (1995) defined three levels of stress response. Primary stress response occurs within a few minutes after the exposure to the stressor when cortisol level, as well as other corticosteroid hormone levels, dramatically increase in the blood. Secondary stress response is the outcome of the high corticosteroid level which may include hyperglycemia, hyperlacticemia, depletion of glycogen reserves, lipolysis, inhibition of protein synthesis, etc. In addition, osmotic and ionic disturbance and elevation of metabolic rate may occur (Jobling, 1994) . These changes may persist for a few hours or days, following acute exposure to the stressor, so they do not result in any serious deleterious effects on the fish. In contrast, chronic exposure to a stressor that induces a tertiary stress response can cause pathological changes. These can in turn initiate a reduction in activity level and metabolic rate, decreased disease resistance, and suppression of growth rate and reproductive success.
Very few studies have investigated the effect of long-term acclimation to different salinities on the activity or metabolic rate in fish. Swanson (1998) demonstrated a decrease of locomotor activity in the milkfish, Chanos chanos, when acclimated to 15 and 55 ppt salinities. Similar reduction was found in "scope of routine work" (the difference between standard metabolic rate and maximum active metabolic rate) of the goby, Pomatoschistus microps, acclimated (at 20 °C) to salinities below and above the salinity of its natural habitat (von Oertzen, 1984) . Barton and Barton (1987) found a decline in metabolic rate of Cyprinodon variegatus from brackish water when exposed to full-strength seawater. According to Jobling's (1995) definitions, the blennies, acclimated to freshwater (S. pavo) or to seawater (S. fluviatilis), demonstrated a tertiary stress response. This conclusion is strengthened by the fact that standard metabolic rate significantly decreased in these species (Plaut, 1999a) and in Parablennius sanguinolentus (Plaut, 1999b) when acclimated to the same salinities.
Salaria pavo is a typical rocky intertidal inhabitant and may encounter short-term salinity fluctuations in its natural environment (Zander, 1973; Plaut, 1998) . Its ability to tolerate different levels of salinity, although not able to maintain its osmotic and ionic homeostasis, is of great adaptational importance. However, because long-term exposure to low salinities does not appear be a frequent event for S. pavo, adaptation to such a situation has not been selected for.
Salaria fluviatilis originated from a marine environment (Kosswig, 1967; Zander, 1973) , but the population of Lake Kinneret has only encountered freshwater for, at most, the last 30,000 years. Plaut (1998) suggested that its euryhaline capabilities are remnants of its original marine adaptation. However, in spite of its osmoregulatory capabilities, chronic exposure to isoosmotic and seawater salinities causes a tertiary stress response as well.
Although the two species inhabit distinctly different aquatic habitats (freshwater vs. a marine environment), the geographical distance between them is negligible (ca. 60 km), and several geological connections are known (Kosswig, 1967; Gophen and Gal, 1992) . The differences in daily activity patterns between the two species may be related to the daily physical rhythms and cycles in their habitats. In the intertidal habitat, cyclic patterns of events relate to both daily and tidal cycles, which do not occur synchronously. Salaria fluviatilis, on the other hand, is exposed only to the daily events in its natural habitat, which include, beside the light-dark cycle, a distinct pattern of wind and water turbulence during the summer months (May-October). On Lake Kinneret, for six or seven months during the year, the winds blow between noon (ca. 12:00) and early evening (19:00-20:00) (Gophen and Gal, 1992) , causing wave action, turbulence, and resuspension on the side of the eastern shoreline littoral. The decrease in activity observed in S. fluviatilis in the middle of the light phase may be related to this daily climatic event.
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